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One of the biggest challenges with soil nitrate (NO3
-) testing to help manage nitrogen 
fertilizer inputs is time. There is too much time between pulling soil samples, testing each soil 
sample, and waiting for receipt of the test results from a laboratory. Growers need data faster so 
they can better manage nitrogen fertilizer inputs. This study tested for correlations among soil 
NO3
- measurements with two different measurement methods across three nitrogen fertilizer 
rates. The two measurement methods included the 360 SOILSCAN, which measured soil NO3
- in 
the field without laboratory processing and conventional laboratory-based soil NO3
- 
measurements. It is important to note that due to different measurement methods the 360 
SOILSCAN and conventional laboratory measurements could produce different absolute 
measurements of soil NO3
- that are well correlated with each other and yield response to nitrogen 
fertilizer. This is important because there is no ‘correct’ measurement of soil NO3
-; rather  the 
measure of a good soil fertility test is correlation with yield response to nutrient input. The 360 
SOILSCAN measures a wet soil sample that is mixed with deionized water within minutes of 
pulling the sample. In contrast, laboratories typically require more than 24 hours after receiving a 
sample to provide results. Conventional soil labs air dry soil and grind soil before mixing the soil 
with a strong salt solution to extract NO3
-.  Hence, it is expected that the magnitude of soil NO3
- 
measurements will differ between the two methods. Yet, we are unaware if the two methods are 
correlated. The conventional soil lab, KSI had a much boarder range compared to the 360 
SOILSCAN. It seemed the 360 SOILSCAN results were consistently lower than the KSI results. 
Correlations between the two methods were poor within nitrogen fertilizer rate treatments (zero-
N control, medium-N, and high-N) and especially at NO3




management decisions (i.e., XX-XX mg N kg-1 soil). However, looking at the data results across 





Most terrestrial plants derive the nitrogen (N) needed for metabolic processes 
from the soil; however, most soils do not provide sufficient native N for economically 
successful crop production (McConnel et al.,2011). Nitrogen is the most frequently 
deficient nutrition in non-legume plants (Havlin 2014). Nitrogen plays a vital role in a 
crop’s failure or success. Nitrogen is the major component of chlorophyll, amino acids, 
and the building blocks of proteins. Soil nitrogen is found in three major forms: organic 
nitrogen covalently bound with organic carbon, ammonium (NH4
+), and NO3
-. Nitrogen 
in the soil can be in many different forms simultaneously making nutrient management 




Nitrogen availability to the crop can change very rapidly due to environmental 
conditions. The key aspects of the nitrogen cycle that may influence NO3
- levels are 
microbial immobilization (i.e., uptake) of  NH4
+ and NO3
-, microbial mineralization of 
organic N to NH4
+ and NO3
- , denitrification of NO3
- to nitrous oxide (N2O) and di-
nitrogen (N2), leaching of NO3
- below the root zone, volatilization of ammonia (NH3) to 
the atmosphere, and soil erosion. Although nitrogen is extremely important to crop 
production, especially for corn, it can cause several environmental issues. Nitrogen 
leaching is usually in the form of NO3
- that is being moved downwards into 
groundwater, which depends on the amount of rainfall that the soil receives, fertilizer 
inputs depending on application timing and the amount, and along with soil drainage. 
Although NO3




about how much NO3
- is in the soil at any given time due to complex interactions of 
these processes. However, knowledge about soil NO3
- concentration can be sued to help 
predict crop nitrogen needs and make nitrogen fertilizer recommendations based on 
expected crop requirements (Chin, 1997).   
It is difficult to maintain NH4
+ in the soil because it is quickly converted to NO3
- 
through nitrification and NO3
- is highly susceptible to loss via leaching and 
denitrification. To balance the need for plant uptake of inorganic nitrogen forms with the 
potential for environmental loss, split applications of nitrogen fertilizer are becoming 
increasingly popular along with the use of nitrification inhibitors, which can be added to 
N fertilizers to reduce the rate at which NH4
+ converts to NO3
-. Split nitrogen 
applications will make up two or more applications of nitrogen fertilizer throughout the 
growing season rather than providing all the crops needed nitrogen all at one time. 
Nitrogen applied at a single application is susceptible to losses through leaching or 
denitrification, especially during a warm, wet spring. Nitrification inhibitors are 
compounds that delay NO3
- production by depressing the activity of Nitrosomonas 
bacteria. The soil bacteria Nitrosomonas extracts NH4
+, by converting it to nitrite (NO2
-
). A second group of bacteria, Nitrobacter then converts NO2
- to NO3
-. 
As weather variability is increasing, it is becoming more important that growers 
have the resources to test their soils for NO3
- levels at any given time throughout the 
season. Nitrogen management systems that minimize environmental impacts, optimize 
yields, and maximize input utilization should be the grower’s main goal. Using the 4R 




can help limit environmental impact and help increase growers’ return on investment in 
nitrogen fertilizer. Nitrogen is easily affected by both environment and management 
practices.  
The right nitrogen management program can help to improve plant growth and 
development throughout the growing season while minimizing environmental nitrogen 
losses. Soil testing has been promoted for many years to make recommendations for 
fertilizer requirements. Many conventional soil tests for phosphorus and potassium are 
collected in the fall after harvest or in the spring before planting. Growers usually go 
with one way or the other to keep it consistent throughout. Phosphorus and potassium 
soil samples are usually collected separate for NO3
- samples due to timing and depth of 
samples. Soil NO3
- soil samples are best collected while the crop is growing and within a 
two-week window of a possible split application of nitrogen. A soil sample collected 
months ahead of time will not provide an accurate measurement of the nitrogen available 
to the plant when planting is still weeks or months from the sampling date.  Nutrient 
levels in the soil can help determine what the grower needs to apply for synthetic 
fertilizers; whether, it be maintenance fertilizer applied or maintenance plus build up 
fertilizer applied. The 360 SOILSCAN can be used at any time throughout the growing 
season to capture soil NO3
- concentrations. The 360 SOILSCAN has more flexibility 
when it comes to timing of sampling. The quick turnaround time of the 360 SOILSCAN 
focusing solely on soil NO3
- allows growers to react quickly in case the results show 
nitrogen deficiency in order to make an application in the right window. Once the 




limit the opportunity for biological changes of NH4
+ to NO3
- in the sample. However, 
when samples are sent a laboratory, changes can occur as nitrification of NH4
+ to NO3- 
can provide different results compared to 360 SOILSCAN readings taken immediately in 
the field. The 360 SOILSCAN measures the NO3
--N that is plant-available in the soil at 
the moment by creating a soil slurry and measuring the NO3
- ions in the slurry. This 
compares to the conventional soil lab, KSI measuring NH3 and NO3
-, whether it is 
available to the plant or not, which could allow the lab to track higher than the 360 
SOILSCAN.  
 There are many sources of nitrogen fertilizer, including urea, anhydrous 
ammonia, ammonium nitrate, ammonium sulfate, urea – ammonium nitrate solution, 
calcium nitrate, sodium nitrate, potassium nitrate, and organic N. It is important to 
choose the best fertilizer to best fit the grower’s nitrogen management program. To best 
manage nitrogen, growers need to match nitrogen applications to crop uptake patterns to 
minimize NO3
- leaching and maximize efficiency. Soil sampling for NO3
- in the late 
spring when corn plants are 15 to 30 cm tall can be used to obtain information needed 
for site specific management of nitrogen during corn production (Chin, 1997). When 
studying soil NO3
- levels throughout the growing season, starting in late spring, it is 
important to use the proper soil testing method. Soil samples are essential to successful 
nutrient management program.  
One of the biggest challenges with soil NO3
- testing is time. It seems there is not 
enough time in the day for collecting the soil samples, testing each soil sample, and 




returned to the lab, slowly air-dried, the finely ground. 360 SOILSCAN is a fresh sample 
that is analyzed within minutes. This is a key strength of 360 SOILSCAN. It allows for 
real-time measurements. The 360 SOILSCAN was made for the field and is durable and 
portable. The 360 SOILSCAN have found one of the main differences in soil samples is 
comparing the 360 SOILSCAN fresh sample to the air-dried, finely ground sample. The 
air-dried, finely ground sample had higher NO3
- readings (360 Yield Center). 360 
SOILSCAN also only uses de-ionized water as an extractant while KSI uses a strong salt 
chemical extractant potassium chloride (KCl) to read the NO3
-  levels. This could 
indicate why KSI is reading higher in NO3
- levels compared to 360 SOILCAN.  
This study is to determine if there is a correlation for soil NO3
- concentration 
between 360 SOILSCAN and a conventional laboratory, KSI measurements. Using this 
new technology is unique compared to a conventional soil lab. The reliability of a soil 
test depends on how well it is calibrated, which means how well soil test values are 
correlated to observed yield responses to nutrient treatments. Calibration trials are 
usually conducted in fields on areas of soil that are judged to be as homogenous as 
possible with respect to important soil characteristics (Chin, 1997). If the 360 
SOILSCAN data proves to be correlated with the laboratory tests, it is likely that the 360 
SOILSCAN can be calibrated with yield response to nitrogen fertilizer input with 
accuracy similar to conventional laboratory-based soil tests this will have a great benefit 
to growers. The 360 SOILSCAN will make testing for NO3
- much more convenient, 
allowing growers to manage N without delay between sampling and data receipt.  Hence, 




maximum return on investment. 360 SOILSCAN allows access to real-time 
measurements with no lag time between field, lab, and results. This tool could also 
benefit the environment – by eliminating the delay between sample collection and data 
receipt, the 360 SOILSCAN could improve the accuracy and precision of nitrogen 
fertilizer inputs. The 360 SOILSCAN machine has gone through two years of 
certification via the Agricultural Laboratory Proficiency program.  
Testing the soil to estimate NO3
- levels that are available to the crop at certain 
crop growth stages may help in determining yields, while also helping determine what 
nitrogen program is most successful on a large farm scale. This can be very hard to 
determine due to weather being so unpredictable at times. Comparing 360 SOILSCAN 
to a conventional soil test can help find the linear relationship between the two tests. 360 
SOILSCAN is a portable, in field soil lab system that provides soil nutrient analysis 
within minutes.  
 
 
MATERIALS AND METHODS 
Study Design 
The 12-inch depth with a 1-inch diameter soil samples were collected at one 
location in Nokomis, Montgomery County, Illinois during the 2019 growing season 
(Figure 1). The fields were selected because they were planted to soybeans [Glycine max 
(L.) Merr.] preceding corn (Zea mays L.) with no synthetic nitrogen applications made to 




field received a synthetic fertilizer application in the spring of 2019, which consisted of 
100 lb product acre-1 of triple superphosphate (TSP) (Ca(H2PO4)2.H2O), 00-46-00 and 
100 lb product acre-1 of potassium chloride (potash) (KCl), 00-00-60.  
 
Figure 1. Experiment location in south-central Illinois in Nokomis, IL (blue pin) within 
Montgomery County (red pin) (Google Earth Imagery, © Google 2020). 
 
The study consisted of two fields with five different site locations. (Figure 2 and 
Figure 3), where a total of 15 single core soil samples were collected and subsequently 




1 and Table 1). In contrast to conventional sampling procedures, which are designed to 
generate a composite sample that is representative of the field, these samples were 
adjacent to one another because my goal was to obtain one highly certain value for 
comparison across two methods (conventional lab-based analysis and the 360 
SOILSCAN; Image 2).  
 






Image 2. Showing the 15 12-inch cores that were composited into 3 samples at Site 1. 
(Courtesy of Alexis Marley, 2019) 
 
 
Table 1. The five sites including three composite samples at each site that received one 
of three N rate treatments: zero-N control; 2,000 pounds N acre-1; and 10,000 pounds N 
acre-1. The high N rates were used to simulate the application of nitrogen fertilizer in 
concentrated bands, which is the most common application method. 
 
Site 1 Site 2 Site 3 Site 4 Site 5
Control #1 Control #2 Control #3 Control #4 Control # 5
2000 lb N acre-1 #1A 2000 lb N acre-1 #2A 2000 lb N acre-1 #3A 2000 lb N acre-1 #4A 2000 lb N acre-1 #5A





Figure 2. Field 1 showing sample Site 1, Site 2, and Site 3 where soil samples were 
collected for comparing NO3
- concentration for laboratory analysis vs. 360 SOILSCAN 





Figure 3. Field 2 showing sample Site 4 and Site 5 where soil samples were collected for 
comparing NO3
- concentration for laboratory analysis vs. 360 SOILSCAN field analysis. 
 
Soil and Field History for the Study 
According to the National Resources Conservation Service (NRCS) Web Soil 
Survey, the two fields where the soil samples were collected consisted of seven soil 
series; however, the sampling sites were located in only two soil series: Cowden-Piasa: 0 
to 2 percent slopes ( soil map unit symbol:993A) (silt loams), which accounted for 34% 
of the soil at the study: and Shiloh: 0 to 2 percent slopes ( soil map unit symbol:138A) 
(silty clay loam), which accounted for 51% of the soil at the study. The remaining 15% 
was the other soil types not sampled throughout the study. (USDA-NRCS, 2020) (Figure 





Figure 4. Field 1 study soils. Soil series where soil samples were collected for comparing 
NO3







Figure 5. Field 2 study soils. Soil series where soil samples were collected for comparing 
NO3
- concentration for laboratory analysis vs. 360 SOILSCAN field analysis. (USDA-
NRCS, 2020) 
According to Nicholas Marley, who is farming these two fields. the previous 
crop during 2018 at the study location was corn (Zea mays L.) . The corn crop received 
100 lb N acre-1 in the form of anhydrous ammonia (NH3), 82-00-00 spring preplant, 45 
lb N acre-1 in the form of urea ammonium nitrate (UAN), a solution of urea (CO(NH2)2) 
and ammonium nitrate (NH4NO3) in water, 32-00-00 (32%) with the planter, then 
finished with side dressing another 50 lb N acre-1 in the form of UAN y-dropped with a 




2018, which consisted of 115 lb product acre-1 triple superphosphate (TSP) (Ca(H₂PO₄)₂ 
.H₂O), 00-46-00   and 135 lb product acre-1 of potassium chloride (potash) (KCl), 0-0-
60. and 12 lb product acre-1 of 90 DS Elemental Sulfur (S). In the spring of 2019 with the 
crop going to soybeans a synthetic fertilizer application was applied, which consisted of 
100 lb product acre-1 of triple superphosphate (TSP) (Ca(H₂PO₄)₂ .H₂O), 00-46-00 and 
100 lb product acre-1 of potassium chloride (potash) (KCl), 0-0-60. 
 
Soil Fertility Analysis 
In order to get a better feel for the soil fertility at each field, individual soil 
samples were collected for analysis in fall 2018 using KSI laboratories in Shelbyville, 
IL. The soil samples will give the organic matter percent along with the cation exchange 
capacity. Phosphorus is measured in (P) and potassium is measured in (K). (Table 2 and 
Table 3).  
 
Table 2. Soil Fertility analysis results for Field 1 where soil samples were collected for 
comparing NO3
- concentration for laboratory analysis vs. 360 SOILSCAN field analysis. 
(Mehlich-3 extraction method) 
SOIL TEST RESULTS BASE SATURATION














CAPACITY %Ca %Mg %K %H
1 7.4 7.0 37.0 195.0 5646.0 828.0 3.4 17.6 79.3 19.4 1.5 0.0
2 7.3 7.0 32.0 108.0 3752.0 458.0 3.2 11.4 82.3 16.8 1.3 0.0
3 7.5 7.0 54.0 173.0 5404.0 749.0 3.5 15.9 80.0 18.5 1.4 0.1








Table 3. Soil fertility analysis results for Field 2 where soil samples were collected for 
comparing NO3
- concentration for laboratory analysis vs. 360 SOILSCAN field analysis. 
(Mehlich-3 extraction method) 
 
YIELD 360 SOILSCAN 
 The 360 SOILSCAN consists of a few main parts which include the 360 
SOILSCAN unit and carrying case, 12-volt power cable, 110-volt power cable, lighting 
to USB cable, and 30 – pin to USB cable (Image 3). Tools to prepare the soil samples for 
analysis include 20 mg NO3
--N L -1 standard solution 7pH standard solution bottle 500 
mL, wash bottle with distilled water NO3
--N storage bottle, reference electrode storage 
bottle, calibration bottle – 4 compartment, soil scoop, small cups, and mixing sleeve.  
SOIL TEST RESULTS BASE SATURATION














CAPACITY %Ca %Mg %K %H
1 6.6 7.0 53.0 280.0 5838.0 651.0 3.4 19.2 76.1 14.2 1.9 7.8
2 6.5 7.0 39.0 163.0 4627.0 433.0 3.4 15.1 76.7 12.0 1.4 9.9
3 6.4 7.0 27.0 185.0 4159.0 442.0 3.3 14.1 73.8 13.1 1.5 11.5
4 6.8 7.0 33.0 151.0 4037.0 363.0 2.8 12.3 82.1 12.3 1.6 3.9








Image 3. 360 SOILSCAN unit and carrying case. (Courtesy of Alexis Marley, 2019) 
 
 The first thing that needs done before starting to run the soil samples is to make 
sure that the 360 SOILSCAN App is launched on the iPad (Generation 3 iPad or newer 
with a data plan). When the App is launched, select your device from the menu and 
follow the instructions on the screen. When the 360 SOILSCAN is being stored, the 
NO3
--N sensor (gray) will remain dry, while the reference electrode storage bottle (red) 
will be ¾ full with standard solution 20 mg NO3
--N L -1  allowing the tip to be immersed 
in solution. These sensors will remain in this position until the calibration process takes 
place (Image 7). 
The machine will prompt the user to place an empty cup under the mixing station 




in the tank for calibration. The distilled water tank on the back side of the machine needs 
to be at least ¼ full when calibrating. The sensors will need to be soaked in the 20 mg 
NO3
--N L -1 solution for calibration (Image 8). The user must make sure to shake the 
solution before pouring it into the calibration bottle. It is calibrating to 20 mg NO3
--N L -
1 if the solution is contaminated it will produce an error and prompt the user to replace 
the solution and try again.  
After calibrating, the user can begin to prepare the machine to run a soil test. The 
soil samples must be kept cool until they are ready to be analyzed. When the soil 
samples are ready, the user transfers two level scoops of soil into a new cup (Image 9). 
The soil sample should not have any large, hard clumps in it. The scoop can aid in 
helping break down the clumps. The cup is then placed on the shelf below the mixer. 
The machine has a plastic lip where the cup can sit (Image 4). 
  
Image 4. Fresh soil sample being placed into the small cup before being placed in the 
360 SOILSCAN instrument. (Courtesy of Alexis Marley, 2019) 
 
The mixer should be cleaned between each sample to prevent cross-
contamination. Distilled water is used to clean the instrument after each sample is tested. 




and the SOILSCAN will begin to mix the soil sample putting the soil into a suspension. 
It will thoroughly mix the soil to make sure the NO3
- ions get into solution. At the same 
time, it is mixing the soil it is recalibrating the sensors. This being the 20 mg NO3
--N L -1 
solution with the calibration bottle should remain under the sensors until it is ready to 
sample, this needs to be done every time a soil sample is being mixed (Image 5). 
 
Image 5. The calibration bottle – 4 compartments under the sensors while the machine 
mixes the soil sample into a slurry. (Courtesy of Alexis Marley, 2019) 
 
 As the sample is being mixed, the user can add information for each sample 
including grower, farm, field, sample number, depth, core length, and latitude and 
longitude of the field. When the soil is mixed, the user will remove the 20 mg NO3
--N L 
-1 solution from the sensors. Cleaning the sensors before reading the soil slurry is a 





Image 6. Soil slurry before being placed under the sensors for reading by the 360 
SOILSCAN. (Courtesy of Alexis Marley, 2019) 
 
After the standard solution 20 mg NO3
--N L -1 removed from the sensor that was 
in the calibration bottle, the sensors are to be cleaned with distilled water and after every 
soil sample reading it is to be cleaned with distilled water. Gently dry the sensors tips 
with a paper towel not applying too much pressure because the sensor tips are sensitive. 
The paper towel is to be patted on the sensors not wiped.  The soil sample is then 
removed, which is now in a slurry and it is placed under the sensors. The machine will 
begin reading the soil sample. It will begin reading the concentration of NO3
- ions in the 
solution. It will continue reading the concentration of NO3
-  ions until it gets 10, mg 
NO3
--N L -1 of the same reading. While the soil sample is being read under the sensors, 




contaminate the next soil sample before being ran through. When the machine is done 
reading the sample, it will give the results of NO3
- in mg NO3
--N L -1 of soil. The 
machine is reading the soil slurry in mg NO3
--N L -1 of solution. It then converts to mg 
NO3
--N kg -1 dry soil by assuming the bulk density of 1.4 g cm-3 of two scoops of soil. 
Soil sample results, using the 360 SOILSCAN will be given to the user in as little as five 
minutes.  
 
Image 7. The reference electrode (red) is always stored in the standard solution NO3
--N. 
The NO3






Image 8. 20 mg NO3
--N L -1 , 7pH standard solution bottle 500 mL calibration solution. 








Image 9. Each soil sample before being ran through the 360 SOILSCAN. (Courtesy of 
Alexis Marley, 2019) 
 
Conventional Soil Lab (KSI Shelbyville, Illinois) 
 A conventional soil testing lab such as KSI in Shelbyville, IL follows specific 
standard operating procedures for NO3
- testing. KSI Laboratories is an agricultural 
analytical and agronomic services company, which was founded in 1980 in Shelbyville, 
Illinois. The laboratory is certified by NAPT program out of Madison, Wisconsin. While 
visiting KSI, I was able to see first-hand each step of the NO3
- testing. Each soil sample 
is air-dried. There is no heat added to the drying room, the samples are laid out to dry 
with air circulating the room for a day. The lab reports NO3
- soil sample in mg NO3
--N 
kg -1 dry soil.  The soil sample is finely ground like any normal soil sample would be for 




There are a few required reagents needed for testing soil NO3
- which include 
ammonia (NH3) – free deionized H20, sodium hydroxide (NaOH), boric acid  (H3BO3), 
diethylene-triamine-pentaacetic acid (DTPA), ammonium hydroxide (0.1 N NH4OH) , 
ammonium sulfate (NH4SO4), potassium nitrate (KNO3). Reagent solution preparation to 
run each soil NO3
- test include the preparation of 2 N KCl solution (Image 13). A 5% 
NaOH solution with 1% DTPA is prepared by weighing out 50 g of NaOH with 10 g of 
DTPA in a 1 L volumetric flask and diluting to volume with NH3 - free deionized H2O. 
The preparation of a 250 mg kg -1 - H3BO3 solution is adjusted with 0.01 N NH4OH. 
First it is prepared by making a 10,000 mg kg -1 - H3BO3 stock solution weighing out 5 g 
H3BO3 in a 500 mL volumetric flask and diluting to volume with NH3 - free deionized 
H2O. Then a 0.01 N NH4OH solution is made by adding a 1 mL of 0.1 N NH4OH to a 
100 mL volumetric flask and diluting to volume. Next 25 g (25 mL) of the 10,000 mg kg 
-1 - H3BO3 stock solution is added to a 1 L volumetric flask, then add approximately 1.5 
mL of the 0.01 N NH4OH to the same flask and dilute to volume with NH3 - free 
deionized H2O.  
The calibration standards that need preparation are a 1000 mg kg -1 stock solution 
of NH4SO4 by weighing 2.3580 g in a 500 mL volumetric flask and diluting to volume 
with NH3 - free deionized H2O. 1000 mg kg 
-1 – NH4
+. The next step is to prepare a 1000 
mg kg -1 stock solution of KNO3 by weighing 3.6085 g in 500 mL volumetric flask and 
diluting volume with NH3 - free deionized H2O. 1000 mg kg 
-1 – NO3
-. The preparation 
of a 50 mg kg -1 calibration standard is done by adding 5 g (5 mL) of 1000 mg kg -1 - 
NH4




Then a serial dilution of the 50 mg kg -1 calibration standard in 100 mL volumetric flasks 
using appropriate amounts to prepare 10 mg kg -1, 5 mg kg -1, and 1 mg kg -1 calibration 
standard.  The preparation of a 50 mg kg -1 - NO3
- standard is made by adding 5 g (5 mL) 
of 1000 mg kg -1 - NO3
- stock solution to a 100 mL volumetric flask and diluting to 
volume using 2 N KCl. Then a serial dilution to prepare a 10 mg kg -1 of the 50 mg kg -1 
- NO3
- standard by adding 20 g (20 mL) to a 100 mL volumetric flask and diluting to 
volume with 2 N KCl. The 10 mg kg -1 and 50 mg kg -1 - NO3
- standards will be used to 
determine the recovery of NO3
- using the zinc reduction cartridge, thereby indicating 
depletion and need of replacement.  
Two g +/ -0.1 g of air-dried soil is weighed into a clean 100 mL e-flask that has 
been assembled into a 10-sample array. 10 g (11-12 mL) of 2 N KCl is dispensed into 
each flask. Each 10-sample array is then placed on a reciprocating with a shaking rate of 
160 to 240 epm. Samples are then shaken for 30 minutes. Samples are then poured into a 
sample array of prepared polyethylene funnels with medium to medium-fast flow rate 
filter paper that have polyethylene test tubes under each funnel in a test tube rack.  
Passing the sample/caustic mixture through a zinc reduction cartridge reduces 
NO3
- and NO2
- ions to ammonium allowing for the measurement of total inorganic 
nitrogen concentration in the sample. If NH4
+ has been previously determined on an 
unreduced sample, NO3
- plus NO2
- can be calculated from the difference in values before 






The machine used for NO3
- analysis at KSI is the Timberline Model TL-2800 
(Single Channel) it is based on the principle of diffusion across a gas diffusion 
membrane coupled with an electrical conductivity measurement. A pump directs the 
sample, caustic and absorbing buffer solutions into the diffusion membrane cell. Within 
the cell, the sample is mixed with a caustic solution (5% NaOH/ 1% DPTA). The 
resulting mixture has a pH sufficiently high enough (pH 11-13) to convert virtually all 
NH4
+ ions present in the sample to be dissolved into NH3 gas. The sample/caustic 
solution flows past one side of the membrane that is permeable to gases but not to 
liquids or ionic species. The dissolved NH3 gas in the sample/caustic mixture will 
diffuse across the membrane. On the other side of the membrane, a buffered solution 
(250 mg kg -1 - H3BO3/ 0.01 N NH4OH) then flows into the conductivity detector. The 
flow passes through a low volume heat exchanger to establish thermal equilibrium of the 
solution before reaching the conductivity cell. The conductivity cell then measures the 
change in electrical conductance of the buffer solution. The change is proportional to the 
concentration of NH4








Image 10. Soil samples before analysis by KSI that have been air-dried and finely 







Image 11.  The machine used for nitrate analysis at KSI is the Timberline Model TL-
2800 (Single Channel). (Courtesy of Alexis Marley, 2019) 
 
 
Image 12. The machine used for nitrate analysis at KSI is the Timberline Model TL-






Image 13. KSI 2 N KCI solution used as the extractant for each soil sample. (Courtesy of 
Alexis Marley, 2019) 
Treatments 
 The treatments used in this study consisted of three N rate treatments: zero-N 
control; 2,000 pounds N acre-1; and 10,000 pounds N acre-1.There was no synthetic 
nitrogen added to the two fields during the 2019 growing season. The nitrogen was hand 
added to the soil samples after they were collected from the fields. The nitrogen source 
used for this study was urea ammonium nitrate (UAN). Urea ammonium nitrate (UAN) 
is a solution of urea (CO(NH2)2) and ammonium nitrate (NH4NO3) that is 20% water, 
35% urea (CO(NH2)2), 45% ammonium nitrate (NH4NO3), which totalizes the nitrogen 




urea (CO(NH2)2), 25% comes from NO3
-, and 25% comes from NH4
+. UAN was used 
for easily handling since it is already in the liquid form. There was a total of 15 
composite soil samples. The first 5 samples received a medium nitrogen rate that was 
equivalent to 2,000 lb N acre-1 using UAN. The amount was 142.91 mg UAN–N kg -1 
soil which was 71.45 mg CO(NH2)2-N kg 
-1, 35.73 mg NH4
+-N kg -1, and 35.73 mg NO3
-
-N kg -1 The amount of UAN added to each of the 5 samples was 1.4 g UAN–N kg -1 
soil.  These calculations were first done for 200 lb N acre-1 which was 0.14 g UAN–N kg 
-1 soil. Each sample was then times by 10 to increase the UAN added to each sample to 
1.4 g UAN–N kg -1 soil to make the changes much more noticeable on the NO3
- testing 
machine. The next 5 samples received a high nitrogen rate that was equivalent to 10,000 
lb N acre-1 using UAN. The amount was 714.55 mg UAN–N  kg -1 soil which was 
357.23 mg CO(NH2)2-N kg 
-1, 178.64 mg NH4
+-N kg -1, and 178.64 mg NO3
--N kg -1. 
The amount of UAN added to each of the 5 samples was 7.1 g UAN–N kg -1 soil. These 
calculations were first done for 1000 lb N acre-1 which was 0.71 g UAN–N kg -1 soil. 
Each sample was then times by 10 to increase the UAN added to each sample to 7.1 g 
UAN–N kg -1 soil. The reason for these nitrogen rates being so high per acre is due to 
that fact we are studying a very small amount of soil compared to the field as a whole. 
This was done to stimulate realistic NO3
- levels from banded nitrogen fertilizer 
applications. The last five soil samples were the control samples that had not received 
additional nitrogen added. When adding the nitrogen rates to the soil samples it is to be 
noted that the samples that contain more nitrogen have the ability to convert more to 
NO3








When comparing the conventional soil lab-based measurements with the 360 
SOILSCAN it was important to look into the quantitative comparisons of the two 
methods. First, I looked within each N rate (zero-N control, medium-N, and high-N) to 
find similarities between the three treatments using box and whisker plots. Second, I 
used Bland- Altman plots to find the difference and average values using a graph. Third, 
I looked at the correlation coefficient (R) to measure the strength and direction of a 
linear relationship between the two variables, KSI and 360 SOILSCAN, on a scatterplot. 
The value of (R) is always between +1.0 and -1.0. Lastly, I looked at the linear 
regression model within each nitrogen rate along with all the data together.  
 
RESULTS AND DISCUSSION 
Testing the soil for NO3
- is critical for managing fertilizer applications in crop 
production. Soil NO3
- levels are dynamic in space and time due to inputs of nitrogen 
fertilizers, mineralization of soil organic matter and crop residues, and irrigation water, 
as well as from losses of soil NO3
- from leaching, crop uptake and denitrification. (Smith 
2019). Soil NO3
- testing prior to N fertilizer application can help to identify the right rate 
of N input. This is especially true in corn because nitrogen fertilizer can be applied late 
in crop growth, sometimes up to the XXX growth stage. If the NO3




growers may be able to reduce their applications rates. Having a quick way to read soil 
NO3
-  right in the field could allow growers to reduce excess synthetic fertilizer usage 
which in the end helps increase their return on investment (ROI). Also, it would have a 
positive impact on the environment reducing N losses. Testing soil NO3
- from soybean 
fields in this study allowed the soil to be very homogeneous due to no application of 
synthetic nitrogen fertilizers that growing season. Since the primary objective for this 
study was to determine if there was a correlation between conventional lab-based, KSI 
NO3
- measurements and the 360 SOILSCAN, sampling soils from a soybean field 
allowed me to collected more homogenous soil samples because there was no N 
fertilizer input.  
Using box and whisker plots I was able to look within each N rate (zero-N 
control, medium-N, and high-N) to find the similarities between each of the three 
treatments. A box and whisker plot is a standardized way of displaying distribution 
based on (minimum (MIN), first quartile (Q1), median (MED) or second quartile (Q2), 
third quartile (Q3), and maximum (MAX)). It helps to see if the data is symmetrical, 
how tightly that data is grouped, and how the data is skewed. First looking at the first N 
rate (zero-N controls) it seems the boxes overlap each other which states that there is 
high level of agreement between the two groups (Table 4 and Figure 6). Looking at the 
KSI results being the taller of the two boxes shows the data is more variable compared to 
the 360 SOILSCAN (Table 4). Second looking at the second N rate (medium-N) the 
boxes do not overlap with one another stating there is a difference between the two 




points consistently hover around the center values while the taller box 360 SOILCAN 
has more variable data points. Lastly looking at the third N rate (high-N) the two boxes 
do not overlap with one another stating there is a difference between the two groups 
(Table 6 and Figure 8). KSI again has the shorter box in this table meaning its data 
points consistently hover around the center values while the taller box 360 SOILSCAN 
has more variable data points. When looking at the two different N rates (medium-N and 
high-N) 360 SOILSCAN is the comparatively taller box which suggest it holds quite 
different results while the shorter box KSI suggests that there is a high level of 
agreement. This doesn’t hold true in the zero-N treatment it shows the opposite with KSI 
being the taller box and 360 SOILSCAN being the shorter box. This first table also 
shows KSI and 360 SOILSCAN overlapping each other while the two different N rates 
of (medium-N and high-N) do not overlap each other.  
The Bland & Altman plot best describes the agreement between two quantitative 
measurements by constructing limits of agreement. These are calculated by using the 
mean and the standard deviation of the differences between the two measurements 
(Table 10). To check the assumptions of normality of difference and other characteristics 
it is best to put the results in a graph (Table 10). The y-axis is the differences of 
measurement while the x-axis is the average of the measurements. Bland & Altman 
recommended that 95% of the data points should lie within +2 and -2 of the mean 
difference. Looking at the Bland & Altman plot of the results the points lie in three 




When looking at the correlation of each different N rate treatments (zero-N 
control, medium-N, and high-N) it seems that there is a complete lack of correlation 
between the methods within each treatment. The control correlation, R equaled -0.23, the 
medium-N rate correlation, R equaled 0.01, the high-N rate correlation, R equaled 0.31. 
The controls had a slightly negative correlation. (Table 8). The medium-N rate and high-
N rate both had a low positive correlation. However, looking at the data results across 
the broad range of N inputs, there was a strong positive correlation. All data results 
correlation, R equaled 0.96. All data results had a high positive correlation (Table 8).  
  In regressions of the data collected with the two methods, the dependent variable 
was the 360 SOILSCAN while the independent variable was the KSI Laboratory. 
Focusing on the r2 squared values of each chart can show a statistical measurement of 
how close the data is fitted to the regression line. The higher the r2 value, the greater the 
variation in the dependent variable that is explained by the independent variable using 
the linear model. The r2 results will always be between 0 to 100. The controls that had no 
form of nitrogen added to the soil samples had a r2 value that equaled 0.06 (Figure 10). 
The value would be 5.5%. The controls only accounted for 5.5% of the variation in the 
data set. KSI Laboratory had higher readings throughout the five controls (Table 9). The 
second set of soil samples was the medium rate of nitrogen that was added at 2000 lb N 
acre-1 (1.42 g UAN – N kg -1 soil) to each soil sample before being read by the 360 
SOILSCAN and then sent to the lab for analysis.  The r2 value equaled 0.01 (Figure 11). 
The value would be 0.97%. The medium rate nitrogen samples only accounted for 




the five medium nitrogen rate samples (Table 10). The third set of soil samples where 
the high rate of nitrogen was added at 10000 lb N acre-1 (7.1 g UAN – N kg -1 soil) to 
each soil sample before being read by the 360 SOILSCAN and then sent to the lab for 
analysis. The r2 value equaled 0.0985 (Figure 12). The value would be 9.9%. The high 
rate nitrogen samples only accounted for 9.9% of the variation in the data set. KSI 
Laboratory had higher readings throughout the five high nitrogen rate samples (Table 
11). All data results from 360 SOILSCAN and KSI Laboratory had a r2 value of 0.9248 
(Figure 13). The value would be 92%. Looking at the data from this point of view seems 
to be statistically significant. The relationship between the two variables explains 92% of 
the variation in the data set. The KSI Laboratory tests had a much broader range 
compared to the 360 SOILSCAN. The 360 SOILSCAN results were always lower 














Tables and Figures 
  
Table 4. Control sample results for KSI and 360SOILCAN (mg NO3
--N kg -1) for box 
and whisker plot using (MIN, Q1, MED, Q3, and MAX).  
 
 
Figure 6. Control sample results for KSI and 360 SOILSCAN (mg NO3
--N kg -1) for box 
and whisker plot.  
KSI (mg NO₃⁻-N kg⁻¹)  360 SOILSCAN (mg NO₃⁻-N kg⁻¹)
MIN 7 3
Q1 26 5
MED (Q2) 53 5
Q3 59 6
MAX 64 6
BOX 1 26 5
BOX 2 27 0
BOX 3 6 1
WHISKER TOP 5 0






Table 5. Medium N Rate, 2000 lb N acre-1 added for each sample KSI and 360 
SOILSCAN (mg NO3
--N kg -1) for box and whisker plot using (MIN, Q1, MED, Q3, and 
MAX). 
 
KSI (mg NO₃⁻-N kg⁻¹ )  360 SOILSCAN (mg NO₃⁻-N kg⁻¹)
MIN 166 62
Q1 175 64
MED (Q2) 176 65
Q3 181 111
MAX 188 126
BOX 1 175 64
BOX 2 1 1
BOX 3 5 46
WHISKER TOP 7 15





Figure 7. Medium N rate, 2000 lb N acre-1 added for each sample KSI and 360 
SOILSCAN (mg NO3






Table 6.  High N rate, 10000 lb N acre-1 added to each sample for KSI and 360 
SOILSCAN (mg NO3
--N kg -1) for box and whisker plot using (MIN, Q1, MED, Q3, and 
MAX). 
 
KSI (mg NO₃⁻-N kg⁻¹)  360 SOILSCAN (mg NO₃⁻-N kg⁻¹)
MIN 687 285
Q1 742 321
MED (Q2) 744 376
Q3 749 449
MAX 822 500
BOX 1 742 321
BOX 2 2 55
BOX 3 5 73
WHISKER TOP 73 51





Figure 8. High N rate, 10000 lb N acre-1 added for each sample KSI and 360 
SOILSCAN (mg NO3






Figure 9.  Bland – Altman plot for KSI vs 360 SOILSCAN (mg NO3
--N kg -1) for all 
data. Three different nitrogen treatments (control, medium, high). Controls (blue circle), 
Medium (yellow circle), and High (green circle). Orange dashed line (Upper limit of 
agreement), Blue dashed line (Lower limit of agreement), and the green solid line (Bias). 
The y axis represents the difference between a pair of measurements made with the 360 
SOILSCAN and KSI laboratory methods while the x axis represents the mean of the 







Table 7.  Bland – Altman plot information for KSI vs 360 SOILSCAN (mg NO3
--N kg -
1) for all data. 
 
  Correlation  
Controls -0.23 
2000 lb N acre-1 0.01 
10000 lb N acre-1 0.31 
All Data 0.96 
 
Table 8. Pearson correlation coefficients (R) from the comparison of soil nitrate 
concentrations from  KSI Laboratories and 360 SOILSCAN (mg NO3
--N kg -1). 
 
SAMPLE NUMBER KSI (mg NO3
--N kg -1)  360 SOILSCAN (mg NO3
--N kg -1) DIFFERENCE MEAN
Control #1 7 5 2 6
Control #2 26 6 20 16
Control #3 53 5 48 29
Control #4 59 3 56 31
Control #5 64 6 58 35
2000 lb N acre -1   #1A 166 65 101 115.5
2000 lb N acre -1   #2A 181 111 70 146
2000 lb N acre
-1 
 #3A 176 126 50 151
2000 lb N acre -1   #4A 188 64 124 126
2000 lb N acre
-1
  #5A 175 62 113 118.5
10000 lb N acre -1   #1B 687 376 311 531.5
10000 lb N acre -1   #2B 749 321 428 535
10000 lb N acre
-1
  #3B 744 500 244 622
10000 lb N acre -1   #4B 822 449 373 635.5
10000 lb N acre
-1






Table 9. Five Control sample results for KSI and 360 SOILSCAN (mg NO3
--N kg -1). 
 
 
Figure 10. Control Sample results for KSI and 360 SOILSCAN (mg NO3
--N kg -1). 









Control #1 7 5
Control #2 26 6
Control #3 53 5
Control #4 59 3





Table 10. Five 2000 lb N acre-1 added sample results for KSI and 360 SOILSCAN (mg 
NO3
--N kg -1). 
 
 
Figure 11. Medium N Rate, 2000 lb N acre-1 added for each sample KSI and 360 
SOILSCAN (mg NO3
--N kg -1). 
 
SAMPLE NUMBER KSI (mg NO3
--N kg -1)  360 SOILSCAN (mg NO3
--N kg -1)
2000 lb N acre -1   #1A 166 65
2000 lb N acre -1   #2A 181 111
2000 lb N acre -1   #3A 176 126
2000 lb N acre -1   #4A 188 64





Table 11. Five 10000 lb N acre-1 added to each sample for KSI and 360 SOILSCAN (mg 
NO3
--N kg -1) 
 
 
Figure 12. 10000 lb N acre-1 added to each sample for KSI and 360 SOILSCAN (mg 
NO3
--N kg -1). 
 
SAMPLE NUMBER KSI (mg NO3
--N kg -1)  360 SOILSCAN (mg NO3
--N kg -1)
10000 lb product acre -1   #1B 687 376
10000 lb product acre -1   #2B 749 321
10000 lb product acre -1   #3B 744 500
10000 lb product acre -1   #4B 822 449





Figure 13. Sample results for KSI and 360 SOILSCAN (mg NO3







 Table 12. All results for KSI and 360 SOILSCAN (mg NO3
--N kg -1). 
 
CONCLUSIONS 
 In conclusion, if timing does not permit the grower to wait for results from the 
conventional soil lab, such as KSI, the 360 SOILSCAN could be highly useful. Waiting 
for the lab could mean the grower could potentially miss the application window for a 
nitrogen application if it is necessary. The 360 SOILSCAN results for soil NO3
- were 
consistently lower than laboratory results. The 360 SOILSCAN allows the grower to run 
soil samples, make nitrogen recommendations, and apply nitrogen the same day if 
weather permits. Even though the 360 SOILSCAN is a great farm tool, the conventional 
soil lab seems to be the better route to take. The conventional soil lab readings being 
higher than 360 SOILSCAN could potentially save the grower the expense of a split 
nitrogen application they may have not needed. Also, if the grower is going off the lower 
SAMPLE NUMBER KSI (mg NO3
--N kg -1)  360 SOILSCAN (mg NO3
--N kg -1)
Control #1 7 5
Control #2 26 6
Control #3 53 5
Control #4 59 3
Control #5 64 6
2000 lb N acre
-1
  #1A 166 65
2000 lb N acre -1   #2A 181 111
2000 lb N acre
-1 
 #3A 176 126
2000 lb N acre -1   #4A 188 64
2000 lb N acre
-1
  #5A 175 62
10000 lb N acre
-1
  #1B 687 376
10000 lb N acre -1   #2B 749 321
10000 lb N acre
-1
  #3B 744 500
10000 lb N acre -1   #4B 822 449
10000 lb N acre
-1




results of the 360 SOILSCAN it could lead to potential nitrogen loss due to over 
applying nitrogen that the crop may or may not need during that growing season. 360 
SOILSCAN realized that their machine reads different than the labs. They feel they are 
different because of the changes that can occur in the sampling handling process and 
testing procedures. 360 SOILSCAN can be used with confidence only when comparing 
crop yields with NO3
- reading with different nitrogen programs to help growers get a 
return on investment. What I recommend by done is compare estimates from the 360 
SOILSCAN with NO3
- analyses done over time, including immediately after collecting 
each soil sample and then again over a period of time (days, hours, etc.) with moisture 
concentration of each soil sample taken into consideration. 360 SOILSCAN puts a lot of 
blame on the shipping and handling of the soil samples getting to the conventional lab 
for the changes in the NO3
- readings. It would be interesting to see how much the NO3
- 
concentration changed during the time it takes to get them from the field to the 
laboratory and through the air-drying process to analysis. It occurs under a range of 
environmental conditions, especially when soil samples are mailed into the lab that may 
take days to get there or dropped off and ran through immediately. The question being is 
how important are these changes to the soil sample. 360 SOILSCAN is claiming that 
their numbers are more accurate due to this so-called changed in the soil sample during 
the handling and shipping process to the lab. If we were to look at these results for split 
application, 360 SOILSCAN reading lower than the conventional lab means a split shot 
of N could always show necessary. If the 360 SOILSCAN is really more accurate due to 




always go with the 360 SOILSCAN for split application recommendations if they are 
truly more accurate due to real-time results.  I recommend more soil samples being 
collected, adding another nitrogen rate in between medium and high range, looking at all 
data it seems I was missing the middle range. This study needs to be continued for a few 
more years, not only collecting samples in soybeans fields; but collecting samples in 
corn fields comparing NO3
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